The current trend in selling fresh vegetables which are washed and packaged ready for use, has served to reemphasize the problems associated with food preservation procedures which do not result in a sterile product. Moreover, the handling processes involved in this manner of packaging raw vegetables for the consumer have altered microbial populations both in character and number. A re-evaluation of the kinds of microorganisms associated with such products is required, as well as investigation of more effective methods to inhibit or destroy the organisms initially present and those introduced by the changed method of processing.
The microbial population of fresh vegetables reflects the locale of origin (Douglas, 1930) and, except for the inadvertent circumstances of pathology, the organisms are usually those associated with air, soil, water, sewage, and the animal populations in the area. This contamination of vegetables is largely a surface phenomenon since the number of microorganisms found within fresh plant tissues is relatively small in disease-free specimens (James, 1925) . Frazier (1958) showed that although the natural surface flora of plants will vary with the plant, certain microbes are common to all, including members 'Study suipported by grant from Chas. Pfizer & Co., Inc., Brooklyn, New York. of the Alcaligenes, Flavobacterium, Achromobacter, Mlicrococcus, coliform, and lactic acid groups.
In general, great fluctuation in microbial numbers is found in counts made on samples taken from the surface of fresh whole vegetables (Mills et al., 1925) . In packaged cut salad vegetables the variation in total numbers per unit weight is considerably greater and is probably the direct result of the processing which involves sorting, washing or spraying, draining, cutting, and filling. This manipulation, in addition to supplementing the initial bacterial flora with those associated with the equipment and handlers, serves to distribute the bacteria through the plant tissue. Moreover, the finished product now presents a greater surface for growth with an increased moisture content (conducive to better proliferation of microbes), as well as damaged tissue which functions as an excellent substrate for their support.
Since the storage life of foodstuffs depends, among other factors, on a low initial level of microbial populations, an agent which reduces the numbers present may increase shelf life. If, in addition to reducing total counts, the agent also can suppress the growth of a wide range of bacterial types, it can be effectively utilized as a sanitizing agent (i.e., as a preservative which, from the point of view of public health, will yield a more healthful product). In this study a commercially packed salad mix was screened to obtain an accurate census of the microbial types usually found. Organisms recovered were tested for sensitivity to oxytetracycline, Biostat®,2 citric acid, and tartaric acid, using turbidimetric and disc methods. These compounds, in varying concentrations, were used as dipping solutions for the salad mix to determine their effectiveness in reducing initial populations and suppressing growth.
MATERIALS AND METHODS
Packaged salad greens were obtained both from local vendors and from a processing plant, and screened to establish the types and number of microorganisms present. Packed in ventilated plastic bags the salad mix contained celery, chicory, escarole, cabbage (red and white), red radish, celery cabbage, parsley, and carrot.
From preliminary studies, in which selective media were used for a wide variety of water and soil organisms, it was determined that nutrient agar at a pH of 6.8 would serve as a suitable medium for quantitative studies of the microbial populations of freshly cut salad greens since it would adequately support all the types commonly encountered. In the screening experiments, weighed samples were transferred aseptically to jars containing measured amounts of sterile water, and the suspended vegetables were shaken thoroughly (using a standard shaking procedure) to free microbes from the sample. This wash water was used for serial dilutions.
The organisms isolated from the mixed salad greens were identified as to genus. The bacterial isolates from the salad mix preparations also were screened in vitro to determine the inhibitory effects of oxytetracycline, Biostat, citric acid, and tartaric acid. Turbidimetric and disc methods were used to test for sensitivity.
Bacterial counts of the test samples (dry) were made as soon as possible after purchase. (Commercially packaged cut vegetables are spun dried and for purposes of comparison are referred to as dry samples in this paper.) Then the samples were divided, one portion rinsed in tap water and serving as a control, and the other treated; these samples were cultured again immediately. On the basis of the sensitivity of the organisms, oxytetracycline (50 ppm), Biostat (50 ppm oxytetracycline), and citric acid (500 ppm) were used as dipping solutions to treat the cut greens. Samples were dipped and shaken in a vegetable basket to remove excess moisture.
The samples were repacked in sterile containers of the same type as originally used and stored at the commercial temperature (usually 10 C). These samples were cultured on successive days for 1 week and examined for changes, using total microbial numbers 2 Biostat® contains 20 per cent oxytetracycline. Chas.
Pfizer & Co., Inc., Brooklyn, New York.
per unit weight, physical appearance, and odor as criteria.
Since the greens are perishable and none of the treatments was expected to result in sterility, a treatment was considered effective when it decreased the original count and increased the delay in growth of the residual population beyond 48 hr. The shelf life of these greens is not expected to be more than 7 days under refrigeration, and a 48-hr delay in microbial activity is significant.
RESULTS
The number of bacteria per gram of salad mix samples varied greatly. Bacterial populations ranged from 11 to 170 million per gram of spun-dried vegetable. Samples obtained at the packaging plant showed only minor variations in total count and the counts were significantly lower. Samples taken at the time of delivery to the retailer were consistently higher in bacterial count than fresh packaged material.
The microbial flora of packaged salad mix preparations were fairly uniform in character. Although molds, yeast, and Actinomycetes were recovered, they represented only about 1 per cent of the total population. The remaining 99 per cent was of bacterial origin and included the following genera: Acetobacter, Aerobacter, Bacillus, Bacterium, Chromobacterium, Escherichia, Flavobacterium, Micrococcus, Pseudomonas, Rhizobium, and Serratia.
Gram negative rods of Pseudomonas and Bacterium were the predominant bacteria. Although they could not be conclusively identified, a number of other organisms which occurred consistently in the salad mix samples are included in the sensitivity results (table 1) .
In a preliminary test with Biostat a dramatic reduction in bacterial count was found (table 2). Since the antimicrobial action of oxytetracycline (the active ingredient in Biostat) is bacteriostatic, this significant decrease in total count was studied for a possible detergent action associated with the pH or with the solubilizing agent in Biostat, citric acid. Successive tests included a dipping solution of tap water buffered to pH 5.0.
Salad mix samples were dipped in tap water, acidified tap water, and in solutions containing 50 ppm oxytetracycline, Biostat (50 ppm oxytetracycline), and 500 ppm citric acid. All solutions were buffered at pH 5.0. Biostat, pH 5.0, 50 ppm oxytetracycline. 5,400,000 3,900,000 1,700,000 contact for 24 hr with citric acid, some organisms failed to grow on transfer or grew verv slowly (after 2 days of incubation). For manv of the organisms this failure to grow occurred after 48 hr.
Additional tests were made with dips of citric and tartaric acids at various concentrations to study inhibitory action on salad mix ingredients stored at 10 C for 96 hr. Tartaric acid is well known as a preservative in household food preparations, as well as in the beverage industry. Tartaric acid at 500 and 1500 ppm was very effective in reducing the initial bacterial count and suppressing growt.h development for 96 hr (table 5). A 150-ppm citric acid treatment was also effective.
DIscussIoNM\icrobial populations of cut salad greens are greatly increased after elaborate handling. Other studies report that bacterial counts on whole vegetables also show this result. According to James (1925) , lettuce heads which had been trimmed and washed showed much greater contamination than unwashed samples. This study demonstrated that the addition of a cutting or chopping procedure further increases the count.
The mechanical spreading of contaminants is only one factor responsible for increases in bacterial numbers. Exposure of vegetables-to tap water results in small reduction in counts. If, however, the pH of the water is dropped to 5.0, total numbers are substantially decreased. The acid solution apparently frees a greater number of bacteria from the surface of the vegetable. Simple acidification is not the sole factor in reduction of counts since water at pH 5.0 depresses the initial count but fails to maintain the advantage.
Citric acid alone was more effective in reducing the bacterial flora than oxytetracycline or Biostat. Counts following the citric and tartaric dips were usually lower than those following other treatments, and the lowered counts were maintained for 48 hr.
The effectiveness of citric acid in inhibiting and killing organisms has been described previously. Douglas (1930) reported that two teaspoons of lemon juice kill 2 billon cells of Salmonella typhosa. The agglutination of Pseudomonas aeruginosa, Serratia, and Bacillus subtilis by the acid action of lemon juice has been described. Kurk (1918) reported precipitation of Serratia by citric acid at pH 5 to 6.
Oxytetracycline and Biostat at pH 5.0 immediately reduced the microbial population and maintained this reduction for periods up to 1 week. Of the two, Biostat had the added advantage of immediately lowering counts more than oxytetracycline.
SUMMARY
Mlicroorganisms recovered from commercially packaged, freshly cut salad greens are largely members of the bacterial genera found in water and soil. The most frequently occurring types belonged to the genera Pseudomonas and Bacterium. Very few coliforms, as determined from culture on eosin-methylene blue agar, were found. Of the organisms isolated from these vegetables, 53 were kept for testing purposes and almost all showed sensitivity to oxytetracycline. Most of the test strains showed some degree of susceptibility to the inhibiting action of citric and tartaric acids. Oxytetracycline and Biostat were effective in decreasing the microbial population of fresh vegetables and in maintaining the low counts for 1 week. Citric acid and tartaric acid were effective in lowering counts, but their inhibitory action was not as prolonged as that of the antibiotics.
